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Abstract 
Call admission control (CAC) is known as an effective functionality in ensuring the QoS of wireless networks. The 
vision of next generation wireless networks has led to the development of new call admission control (CAC) 
algorithms specifically designed for heterogeneous wireless Cognitive networks. However, there will be a number of 
challenges created by dynamic spectrum access and scheduling techniques associated with the cognitive systems. In 
this paper for the first time, we recommend that the CAC policies should be distinguished between primary users and 
secondary users. The classification of different methods of cac policies in cognitive networks contexts is proposed.  
Although there have been some researches within the umbrella of Joint CAC and cross-layer optimization for 
wireless networks, the advent of the cognitive networks adds some additional problems. We present the conceptual 
models for joint CAC and cross-layer optimization respectively. Also, the benefit of Cognition can only be realized 
fully if application requirements and traffic flow contexts are determined or inferred in order to know what modes of 
operation and spectrum bands to use at each point in time. The process model of Cognition involved per-flow-based 
CAC is presented. Because there may be a number of parameters on different levels affecting a CAC decision and 
the conditions for accepting or rejecting a call must be computed quickly and frequently, simplicity and practicability 
are particularly important for designing a feasible CAC algorithm. In a word, a more thorough understanding of CAC 
in heterogeneous wireless cognitive networks may help one to design better CAC algorithms. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
Keywords: Call Admission Control (CAC), Heterogeneous Wireless Cognitive Networks, Quality of Service (QoS), Cross-layer 
Optimization 
1.  Introduction 
 It has been recognized that the perfectly complementary characteristics of different wireless networks 
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make it attractive to integrate these heterogeneous wireless access technologies. Such a network will 
consist of a number of wireless networks, including Bluetooth and UWB radios for personal areas, 
WLANs for local areas, WiMAXs for metropolitan areas, 3G cellular networks for wide areas, and 
satellite networks for global networking, etc. In the context of heterogeneous wireless networks, it is 
required to enable mobile users seamlessly and dynamically roam among different access technologies, 
and therefore a large set of various resources (especially radio resources) should be available at any time 
and any place in order to maintain the most optimal network connectivity. But current wireless networks 
are characterized by static spectrum allocation and limited user coordination, resulting in very low 
efficiency in radio spectrum utilization. In recent years, people give a great deal of interest on Dynamic 
Spectrum Access (DSA) and cognitive radio (CR) technology for next generation wireless networks. By 
virtue of the ability to dynamically opportunistic access to licensed channels with very limited 
interference to the authorized devices on such channels, DSA has a key advantage in increasing spectrum 
efficiency. Advances in Cognitive Radio (CR) have made DSA technically feasible in wireless systems. 
Currently, the majority of CR research effort in the literature has thus far been focused on the PHY and 
MAC layers, however, it requires the interactions among CRs in a network as the complexity of tasks, for 
instance in spectrum sensing. Moreover, the characteristics identified by advances in the infrastructure, 
the applications/services supported, and the business model entail that the management of the B3G world 
will be more complex, compared to the previous generations. In spite of the increased complexity, future 
networks should be easily maintainable and dynamically cooperative, and their capabilities should be 
continuously improved by relying as little as possible on human intervention. The introduction of 
cognitive systems is believed to be an efficient paradigm for networking in order to meet this demand [1]. 
Cognitive networks are capable of perceiving current network conditions and then planning, learning, 
and acting according to end-to-end goals. The view on Cognitive Network can be seen as CR extended up 
the stack and across the network and it is the most general being able to span over the entire 
communication system, including the core network [2]. So, Wireless Cognitive Network will cover all 
relevant layers of the OSI reference model, including the network layer, the transport layer and the 
application layer in addition to the physical layer and the MAC layer. There are several tasks that should 
be satisfactorily accomplished in every protocol layer. Especially, the modifications required to the 
network layer of a cognitive system, compared with legacy networks, are mainly the QoS provisioning 
mechanism, mobility management, packet routing, security aspects and the network layer host 
configuration of the end devices, etc. In this paper, the research focuses on connection admission control 
(CAC) challenges for the QoS provisioning in the context of heterogeneous wireless cognitive networks. 
The remainder of the paper is organized as follows. In section II, the classification of different methods 
of cac policies in cognitive network context is proposed. Section III analyzes the problems associated 
with joint design and Cross-layer optimization. The process model of cognition involved per-flow-based 
CAC is presented in section IV. Section V puts forward the demands for simplicity and practicability. 
Section VI concludes the paper. 
2. Cac classification in Wireless Cognitive Networks 
Despite there are extensive literatures to research on CAC mechanisms, they all consider an 
environment in which mobile users merely use channels that are statically assigned to one system. But in 
cognitive network context, one wireless network can rent idle radio spectrum from (or out to) other 
wireless networks. In a cognitive network, Primary Users (PUs) have the exclusive privilege in accessing 
the licensed radio resources (or, channels), while Secondary Users (SUs) can only opportunistically 
access the unused spectrums (referred as spectrum holes). When a PU call arrives, an SU should perform 
spectrum handoff. The rental and withdrawal of radio spectrums will result in two phenomena, one is 
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variable number of radio channels in a wireless network and the other is call dropping due to the channel 
withdrawal [3]. The opportunistic feature of spectrum access in cognitive networks poses a considerable 
challenge in providing high QoS for SUs. Therefore, we believe the CAC policies should be distinguished 
between primary users and secondary users. The classification of different methods of cac policies in 
cognitive network context is proposed in Fig.1. 
Fig.1. classification of different methods of cac policies 
In heterogeneous wireless cognitive networks, mobile users are classified into two categories: Primary 
Users and Secondary Users, and they should have different cac policies when a call occurrence. The 
former partially corresponds to the previous research, while the latter is brought thoroughly due to the 
introduction of cognitive networks. For the Primary Users networks and the Secondary Users networks, 
they both have new calls and hand-off calls. Due to the seamless connection and global mobility 
requirements, a call in one particular network must be able to roam in the homogeneous network or to 
roam in heterogeneous networks, which are referred to as “horizontal handoff” and “vertical handoff” 
respectively. Moreover, due to a PUs network always has the first priority to use its radio channels, it can 
withdraw its radio channels from another wireless network when it requires, which would result the 
withdrawn call occurrence in the SUs network that rents the radio channels from the PUs network. 
3. Joint design and Cross-layer optimization 
Unlike traditional homogeneous CAC algorithms, designing a CAC algorithm for heterogeneous 
wireless networks do not only decide whether an incoming call can be accepted or not, and it also decide 
which of the available radio access networks is best suited to accommodate the incoming call, including a 
new or a hand-off call arrival. In heterogeneous wireless cognitive networks, a wireless network can rent 
its radio resources out to other wireless networks. So, radio resources must be jointly managed. Moreover, 
how to fairly and efficiently share radio resources among different radio access technologies (RATs) in 
heterogeneous networks is one of the major challenges. That is, load balancing is a necessity for 
designing a joint cac algorithm, which ensures that the QoS requirements of all admitted calls are satisfied 
while at the same time making the best use of the total resources available in the heterogeneous network. 
In general, the joint admission control can be divided into centralized schemes and distributed schemes. 
The former is more suitable for single-operator scenario and the multi-operator scenario more likely to 
choose the latter, but not all is. There are different design considerations for the two schemes, see Fig.2. 
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Fig.2. Considerations for joint CAC 
There has been much research within the umbrella of Cross-layer optimization for wireless networks. 
For a wireless network, cross-layer optimization can lead to significant improvement in the transmission 
protocol stack performance [4]. Traditionally, much of the CAC schemes have been based on call-level 
(also referred as MAC layer) QoS measures (e.g., call blocking and dropping probabilities) only, although 
some CAC schemes take packet-level (also referred as network layer) performance metrics (e.g., packet 
transmission delay and packet dropping probability) into account. In fact, future wireless networks are 
expected to provide diverse mobile services, and they have different QoS requirements, which would 
directly result in different CAC policies for different services. Further, in cognitive networks, the number 
of channels occupied by PUs and SUs are perhaps key input parameters for a CAC strategy. However, the 
channel state can only be partially observed through spectrum sensing, which is a physical layer 
technique that reports the availability of channels through sporadically monitoring the spectrum band 
[5].There is uncertainty in spectrum opportunities due to the fact that different secondary and primary 
systems must coexist in the same spectrum allocation, but may not be able to directly interoperate. So, the 
advent of the cognitive networks adds some additional problems to the Cross-layer optimization problem. 
Hence, the physical layer parameters (e.g., SINR for SUs, inference temperature for PUs, the number of 
channels occupied) and the transport layer parameters (e.g., real-time and non-real-time traffic flows) and 
the application layer profiles (e.g., user preferences, location) need to be considered to design CAC 
algorithms in addition to the MAC and network layer measures. The task of a Cross-layer optimal CAC is 
to compute and choose a most suitable scheme based on the multiple parameters to achieve a specific 
overall goal, such as to maximize the total resources utilization as a whole in the presence of multiple 
wireless cognitive systems, as is shown in Fig.3. 
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Fig.3. Multiple parameters for Cross-layer optimization 
4. Cognition associated with application requirements and traffic flow context 
CAC algorithms should be designed to support multiple classes of services, each with specific QoS requirements. 
In heterogeneous networks, there may advent numerous of multiple services, and they will have some 
new features. Currently, most applications are often operating in isolation within the handset, but the 
further applications may very likely cooperate with each other. Such as, an intelligent handset might 
employ the user’s location information, obtained from its built-in GPS, to assist in transmission by 
selecting the optimal RATs that provides the best coverage in that region. The handset is usually 
intelligently aware of the surrounding environments and is capable of interacting with other intelligent 
handsets; hence it can operate with optimum efficiency. The cognitive networks will provide new 
opportunities especially to multimedia applications better experience to the end user. The benefit of 
Cognition can only be realized fully if application requirements and traffic flow contexts are determined 
or inferred in order to know what modes of operation and spectrum bands to use at each point in time. 
However, there will be a number of challenges created by dynamic spectrum access and scheduling 
techniques associated with the cognitive systems. One is that a handset must understand its own context 
and the user’s situation such as location, user movement, spectrum availability and state. The other is that 
it is often difficult to infer the characteristics of different traffic flows when the application itself is 
adaptive to different situations. The process model of Cognition involved per-flow-based CAC is 
presented in Fig.4. 
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Fig.4. Cognition involved per-flow-based CAC 
5. Simplicity and Practicability 
Traditionally, a call admission control policy can use either a traffic descriptor-based or measurement-
based approach [6]. In the traffic descriptor-based approach, it is assumed that the knowledge about the 
traffic pattern of the incoming calls is available. Therefore, a CAC algorithm can simply decide whether 
or not a call should be admitted into the wireless network by comparing the sum of the expected amount 
of resources and the resources used by all ongoing calls with the predefined threshold. Instead of using 
explicit traffic descriptors, the measures influencing a CAC decision can be obtained by measuring the 
characteristics of the call and/or the channel state of wireless networks. Most of the CAC algorithms in 
the hard-capacity cellular networks are traffic-descriptor-based, and most CAC algorithms in CDMA 
systems are measurement-based. However, the CAC algorithms used in heterogeneous wireless cognitive 
networks very likely adopt a hybrid approach. Moreover, as mentioned earlier, there may be a number of 
parameters on different levels affecting a CAC decision. Feasible solutions are difficult to obtain due to 
the problem of large dimensionality. So, simplicity is particularly important for a CAC method in 
heterogeneous wireless cognitive networks because the conditions for accepting or rejecting a call must 
be computed quickly and frequently. 
If the overall goal of a CAC algorithm can be expressed as a utility function, the goal of the Cross-
layer optimization is to maximize the system utility based on the service (application) utility functions, 
which are dependent on knowledge and characterization of the application flows [7]. But one outstanding 
research challenge is to provide efficient Cross-layer optimization algorithms that can be applied to in-
elastic application flows which have non-concave utility functions. This type of application flow is typical 
of voice and video traffic and leads to a combinatorial NP-hard optimization problems. So, practicability 
is also an important factor to be considered for designing a feasible CAC algorithm. 
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6. Conclusion 
Next generation heterogeneous wireless networks present significant technical challenges that require 
advancements in many aspects including radio resources management algorithms. The advent of the 
cognitive networks adds some additional problems. For example, a wireless network can rent out its radio 
channels to another wireless networks, and it has the priority to withdraw the radio channels when they 
are required. So, the rental and withdrawal of radio channels will result the variable number of the current 
total channels in a wireless. As a key component of radio resources management, an efficient and 
effective admission control scheme is crucial to guarantee the quality of services (QoS) and to maximize 
the radio resource utilization simultaneously. 
In this paper, we analyze call admission control challenges in heterogeneous wireless cognitive 
networks. For the first time, we recommend that the CAC policies should be distinguished between 
primary users and secondary users. The classification of different methods of cac policies in cognitive 
networks contexts is proposed. Then, we present respectively the conceptual models for joint CAC and 
cross-layer optimization specifically designed for heterogeneous wireless Cognitive networks. Also, the 
process model of Cognition involved per-flow-based CAC is presented. Moreover, there may be a 
number of parameters on different levels affecting a CAC decision and the conditions for accepting or 
rejecting a call must be computed quickly and frequently, as a result, finally, we put forward the demands 
for simplicity and practicability. 
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